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Abstract 
In order to investigate the optical, physical and chemical properties of marine boundar layer aerosols and its 
relation to the origin of aerosols for estimating the direct radiative effect of aerosols in East Asia, shipboard 
aerosol measurements were carried out around Japan. The instrumented Research Vessel Shirase made 
counterclockwise coastal cruises from Yokosuka via the Western-North Pacific, the Sea of Japan, and the East 
China Sea in early autumns of 2002, 2003, and 2004. This paper includes results not only from optical 
measurements using an Optical Particle Counter, an Integrating Nephelometer, and a Particle Soot/Absorption 
Photometer but also chemical analysis of aerosols collected by an impactor-filter system. Water-insoluble 
aerosols were measured with a Coulter Counter. It was found that different features of optical, physical and 
chemical properties of aerosols in the marine boundary layer around Japan were strongly related to the origin and 
history of air mass.  
 
1. Introduction 
Aerosols play an important role in the global climate system due to their radiative effect to 
the Earth’s radiation energy balance. Though it is well known that aerosols have two-fold 
significant effects characterized by “direct” and “indirect”, the quantity of both effects is still 
uncertain. The direct effect is for aerosols to affect directly on the radiation budget by 
scattering and absorbing solar radiation in the atmosphere. Therefore the aerosol optical 
properties are essential for quantitative estimation of the direct effect of aerosols.  
The aim of this study is to investigate the spatial variation of aerosol optical, physical and 
chemical properties and its relation to the origin of aerosols for estimating the direct effect of 
aerosols in East Asia. For this purpose, we carried out the aerosol measurement on board the 
instrumented R/V Shirase during the Japanese Antarctic Research Expedition (JARE) 
Training Cruise with counterclockwise coastal round cruises from Yokosuka via the 
Western-North Pacific, the Sea of Japan, and the East China Sea in early autumns of 2002, 
2003, and 2004 (Shiobara et al., 2004a and 2004b; Yabuki et al, 2004). In this paper, results 
from the shipboard aerosol measurement in 2002 and 2003 are shown and compared for 
discussion on the optical, physical and chemical properties of aerosols in the marine boundary 
layer around Japan. 
  
2. Measurements 
Shipboard aerosol measurements were carried out on board the Antarctic R/V Shirase, an 
icebreaker operated by Japan Maritime Self-Defence Force, cruising around Japan prior to the 
voyage for the Antarctic research activity. The R/V Shirase made coastal round cruises 
counterclockwise from Yokosuka for the period from 28 August to 29 September in 2002, 4 
September to 4 October in 2003, and 1 September to 5 October in 2004. 
Aerosol optical properties were measured with an optical particle counter (OPC; RION 
KC01D), an Integrating Nephelometer (IN; Radiance Research M903), and a Particle 
Soot/Absorption Photometer (PSAP; Radiance Research). The OPC measured the number 
density of particles for five radius ranges of r > 0.15, 0.25, 0.5, 1.0, and 2.5 µm: the data were 
corrected for the coincidence loss. The IN measured the scattering coefficient at the 
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 wavelength of λ = 530 nm. The PSAP measured the absorption coefficient at λ = 565 nm. The 
extinction coefficient and the single scattering albedo at 565 nm were calculated by assuming 
that the scattering coefficient was inversely proportional to the wavelength (i.e., Angstrom 
Parameter = 1). Considering the contamination by the exhaust from the ship engine, the data 
were excluded when the wind blew from the sector of 60- 240° relative to the ship heading.  
Aerosol particles and acidic gases were collected using a 3-stage mid-volume impactor 
with back-up filter in series of 2-stage alkaline impregnated filters during the cruise. Air 
sampler was set on the central front of the upper deck. The collected samples were kept in 
freezer until analysis in laboratory. After extraction by ultra pure water (18.3 MΩ; Milli-Q), 
each water-soluble constituent was analyzed with an ion chromatograph.  
Aerosol particles were also collected on Nuclepore filters with the 0.4-µm pore size to 
measure the size distribution of water-insoluble particles. The size distribution was measured 
with a Coulter Counter (Beckman-Coulter Inc. Multisizer III) after collected samples were 
dispersed into electrolyte with an ultrasonic cleaner. 
Figure 1 shows the cruise tracks for 2002 (left panel) and 2003 (right panel). The region 
(A) in the left panel and the regions (B) and (C) in the right panel are selected for extracting 
the different feature of aerosol properties to be referred to in the following discussion. 
 
 
 
 
 
 
 
 
 
 
 
   
         Figure 1. Cruise tracks of the R/V Shirase JARE Training Cruise for (a) 2002 and (b) 2003. 
 
 
3. Results and discussion 
3.1. Weather condition and air trajectories 
The weather conditions during the 2002 cruise are briefly described below. Although a 
typhoon was moving north in the western part of Japan in the end of August 2002, the weather 
was rather fine under a high pressure system centered in the North-Western Pacific Ocean, 
that is, the meteorological situation was typical for Japan’s summer until 2 September. Then a 
high pressure system located in the north of China was coming strong, and yielding stationary 
fronts over Japan by competing with another high pressure system over the ocean for 7 – 12 
September when R/V Shirase was cruising in the Sea of Japan and the East China Sea. Since 
14 September, during the latter half of the cruise from Naha, cyclones accompanied by fronts 
were alternately passing through the southern part of the mainland. That was a normal 
weather pattern of the summer – autumn transition season in Japan. 
The weather conditions for September and early October of 2003 were rather normal with 
alternately traveling cyclone and high pressure systems. Another significant feature of 
meteorological situation during the 2003 cruise is that two typhoons, Typhoon 14 and 
Typhoon 15, have passed in the vicinity of Japan Islands. Passing of these typhoons caused 
atmospheric disturbance and air mass exchange along with strong wind and precipitation. 
Thus the atmospheric situation for the 2003 cruise was quite different from the 2002 cruise 
while the summer of 2002 had remained in early September. 
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 Figure 2 shows the results from the 5-day backward trajectory analysis calculated from 
1000 m above sea level for some selected cases along the ship track of the 2002 cruise (left 
panel) and the 2003 cruise (right panel). The NOAA HYSPLIT4 Model (Draxler and Rolpf, 
2003) with the vertical motion mode was employed for this analysis. During the cruise in 
2002, the trajectories indicated that the air mass was transported from the various areas; e.g., 
from remote Pacific Ocean during the Pacific Ocean leg (Region (A) in Fig. 1), from Chinese 
Continent during the Sea of Japan leg, and sometimes across the Mainland Japan. On the 
other hand, in the case of 2003, the air mass mostly passed over the continent (and the 
Mainland) by the northwesterly wind. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Five-day backward trajectories with the vertical motion mode for  
(a) the 2002 cruise and (b) the 2003 cruise.  
 
3.2. Chemical properties of water-soluble aerosol particles 
Selected chemical compositions for anthropogenic aerosols and natural sources are shown 
in Fig. 3. Describing in general on the size and composition of aerosols for both cruises in 
2002 and 2003, sea-salt (Na+, top panels), and NO3- (second top panels) were mostly 
distributed in coarse modes (D = 2-6 µm and >6 µm). In contrast, nss- (non-sea-salt) SO42- 
(second bottom panels) was present in fine (D = 0.2 – 2 µm) and Aitken (D<0.2 µm) modes. 
Particulate oxalate (bottom panels) was mostly distributed in both coarse (D = 2-6 µm) and 
fine (D = 0.2-2 µm) modes. 
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(a) 2002 (b) 2003 
Figure 3.  Variations of aerosol constituents (Na+, NO3-, nss-SO42-, and oxalate) during 
the 2002 (left panel) and 2003 (right panel) cruises. 
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 During the cruise of the region (A) in 2002, sea-salt particles were dominant and the 
concentrations of anthropogenic species such as particulate NO3-, non-sea-salt (nss-) SO42- 
and oxalate were quite low. According to the trajectory analysis described earlier, the air mass 
in the region (A) is identified as clean maritime air from the remote Pacific Ocean.  
On the other hand, the most significant chemical feature of anthropogenic aerosols is found 
in the results from cruises off shore the west of Kyushu Island both in 2002 and 2003. From 
the 2002 cruise, the concentrations of anthropogenic species such as NO3-, nss-SO42-, and 
oxalate in the region around Sasebo and Naha were evidently higher than those in the region 
(A). The backward trajectory suggested that human activities in Chinese continent, Korean 
Plateau and Japan Islands might affect to the quality of air masses in the marine boundary 
layer during the cruise off shore Kyushu Island. Also from the 2003 cruise, the highest 
concentrations of anthropogenic species were observed in the region (B) corresponding to 
high number concentration of aerosol particles, especially in fine particles. Despite of clear sky 
on 17 September, the atmospheric visibility at Sasebo was lower than 10 km due to heavy 
haze. The backward trajectory exhibited that air mass loading anthropogenic species had 
passed in boundary layer – lower free troposphere over Korea, Yellow Sea, the northeast area 
of China for the previous five days. 
 
3.3. Size distribution of water-insoluble aerosol particles 
Figure 4 shows the volume-size distribution of water-insoluble aerosol particles to see 
difference in the results from the Pacific Ocean cruise (28-29 August 2002) and the East 
China Sea cruise (12-13 September 2002). The error bars mean standard deviations of blank 
samples. During the 28-29 August cruise, corresponding to the region (A), water-insoluble 
particles were not significantly detected. As shown in earlier, during the cruise of the region 
(A), the air was transported mainly from the central Pacific Ocean, so that water-insoluble 
aerosols such as soil and solid dust were not expected in the air mass.  
On the other hand, the result from the 12-13 
September cruise shows evidently a different 
size distribution. As soil particles generally 
show a log-normal size distribution, the 
measured size distribution can be decomposed 
to a log-normal distribution for soil particles 
and a power-law distribution. From the curve 
fitting for the 12-13 September measurement, 
the existence of the log-normal size 
distribution with the geometrical mean radius 
of 1.35 µm and the geometrical standard 
deviation of 1.55 was found. During the 12-13 
September cruise, the air was transported 
mainly from Korea and the northeast of China, 
and possibly included soil particles originated 
in these areas. However, it should be noted 
that uncertainty in the absolute values of the 
volume-size distribution still remains due to 
uncertainty of the extraction efficiency of 
particles deposited on a filter into electrode 
and due to smash of extracted particles by 
ultrasonic cleaning. 
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Figure 4. Volume-size distribution of 
water-insoluble particles measured by a Coulter 
Multisizer for the Pacific Ocean cruise (8/28-8/29, 
circles) and the East China Sea cruise (9/12-9/13, 
squares). The curve shows a log-normal size 
distribution fit to the 9/12-9/13 result. 
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 3.4. Optical and physical properties 
Figures 5 and 6 depict spatial variations of (a) the extinction coefficient at 565 nm, (b) the 
single scattering albedo at 565 nm, and (c) the ratio of the number density of the 0.15-0.25 µm 
radius bin to that of the 0.25-0.5 µm radius bin, for the 2002 and 2003 cruises, respectively. 
The present study focuses on the three regions (A, B and C) as shown in Fig. 1. In the region 
(A), the air mass was transported from central Pacific Ocean without passing over land 
surfaces. In addition, large and non-absorbing particles were dominant as indicated in Fig. 5 
(b) and (c). The main source in this region might be identified as maritime aerosols. In the 
region (B), a strong haze event was observed. The absolute value of the extinction coefficient 
indicated the highest in the whole cruise of 2003. It was correlated with the increase of fine 
particles. As described in the previous section, simultaneous measurements of chemical 
constituents of aerosol particles revealed that the concentrations of anthropogenic species 
such as nss-SO42-, oxalate, and NO3- gradually increased in the region (B). Also, the backward 
trajectory showed the outflow from Korea and Chinese continent. In the region (C), the single 
scattering albedo was relatively low due to the increase of absorbing particles. Based on the 
trajectory analysis, it is suggested that the air in the region (C) was polluted by human activity 
in the Mainland. 
 
 
 
 
 
 
 
 
 
 
Figure 5.  (a) The extinction coefficient, (b) the single scattering albedo, and (c) the number density ratio of 
the 0.15 – 0.25 µm radius bin to the 0.25 – 0.5 µm radius bin for the 2002 cruise. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The complex refractive index was retrieved by a method proposed in Yabuki et al.(2003). 
The procedure was applied for simultaneous measurements of the aerosol size distribution, 
scattering coefficient and absorption coefficient with OPC, IN and PSAP. Generally speaking 
for the result, the averaged imaginary part of the refractive index during the 2003 cruise was 
about 0.005. This value was twice as large as that for the 2002 cruise. With regard to the 
selected regions in Fig. 1, the values of the imaginary part in the regions (A, B and C) were 
ranged in 0-0.001, 0.001-0.004, and 0.004-0.015, respectively. The values of the real part 
ranged in 1.38-1.40 for the region (A) and 1.51-1.57 for the region (C). Existence of sea-salt 
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 rich aerosol particles is reflected on such low values of the imaginary index in the region (A) 
as supposed from the chemical analysis described earlier. The complex refractive index for 
the region (A) was nearly consistent with that for maritime aerosols. Slightly high but rather 
low imaginary values in the region (B) under the haze condition might be affected by reduced 
absorption of aerosol particles due to the increase of the scattering matters with water-soluble 
particles such as sulfate. High values of both real and imaginary indices in the region (C) were 
possibly caused by aerosol particles mixed with soil dust and anthropogenic pollution. 
 
4. Summary 
We described optical, physical and chemical properties of aerosols in the marine boundary 
layer around Japan Those aerosol properties were quantitatively obtained from optical and 
chemical measurements on board the R/V Shirase in 2002 and 2003. The result shows some 
characteristic features of aerosol properties and their difference in spatial distribution. 
Summarizing the result, we can understand that the marine boundary layer aerosol mainly 
consists of maritime sea-salt particles from remote ocean, soil dust and sulfate aerosol from 
Chinese Continent, and the anthropogenic aerosol produced in Japan and neighboring 
countries including Korea and China. The mixing state of these aerosols is strongly related to 
the air mass origin and history. The trajectory analysis must be helpful for understanding the 
fraction of mixing of each aerosol. The practical values of the aerosol optical parameters 
obtained in this study are expected to improve the accuracy in estimating the aerosol direct 
radiative forcing in the East Asia. 
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